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III GR UP NITRIDE SYSTEM COMPOUND SEMICONDUCTOR LIGHT EMITTING 
ELEMENT AND METHOD OF MAKING SAME 

The present application is based on Japanese patent 
5 application No . 2002-317745, the entire contents of which are 
incorporated herein by reference . 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

10 This invention relates to improvement in III group 

nitride system compound semiconductor light emitting element. 

DESCRIPTION OF THE RELATED ART 
Conventionally, in making the III group nitride system 

15 compound semiconductor light emitting element (hereinafter 
also referred to simply as light emitting element) , III group 
nitride system compound semiconductor layer is grown on the 
mirror- finished surface of a sapphire substrate through buffer 
layer. Critical angle at the interface of sapphire substrate 

2 0 and III group nitride system compound semiconductor layer is 
no more than about 47 degree because there is a big difference 
in refractive index therebetween. Therefore, some component 
of light emitted from the III group nitride system compound 
semiconductor layer can be returned to the semiconductor layer 

25 while being subjected to total reflection at the interface* 
Light returned to the semiconductor layer is attenuated due to 
scattering or absorption in crystal of the semiconductor layer . 
Thus, the big difference in refractive index between sapphire 
substrate and III group nitride system compound semiconductor 
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layer prevents light emitted from III group nitride syst m 
compound semiconductor layer from being taken out efficiently. 

So, it is suggested to form a pattern on the surface of 
sapphire substrate (Japanese patent application laid-open 
5 No. 2001-267242 (prior art 1), Xazuyuki Tadatomo et al (/ "High 
Output Power InGaN Ultraviolet Light-Emitting Diodes 
Fabricated on Patterned Substrates Using Metalorganic Vapor 
Phase Epitaxy**) . For example, prior art 1 discloses to form 
a pattern of ridges and grooves (depth : 1 . 5 U m) of 3 UXti wide 

10 respectively on sapphire substrate by photolithography. 
Thereby, light entering at a big angle into the interface of 
sapphire substrate and III group nitride system compound 
semiconductor layer can be taken out from the sidewall of groove 
to enhance the light extraction efficiency. 

15 Also, Japanese patent application laid-open Nos. 

10-312971 and 2001-349338 disclose partially relevant 
techniques to the invention. 

On the other hand, by patterning the surface of substrate, 
the lateral growth of III group nitride system compound 

20 semiconductor layer based on the sidewall of groove can be 
promoted. This prevents penetrating crystal transition in the 
vertical direction of III group nitride system compound 
semiconductor layer from occurring. Therefore, the crystal 
quality can be enhanced . 

2S However, from the research of the inventor, it is found 

that it is difficult to promote uniformly the lateral growth 
on the entire surface of wafer even if the entire surface of 
wafer is patterned. Namely, it is difficult to grow III group 
nitride system compound semiconductor layer with a good crystal 
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quality on the entire surface of wafer. As a result, the 
patterning of substrate causes a reduction in yield and an 
increase in the manufacturing cost of light emitting element. 
Further, when III group nitride system compound 
5 semiconductor layer is grown in the groove formed by patterning, 
a cavity may be generated in the groove (See prior art 1) . In 
this case, there occurs a big difference in refractive index 
between the cavity and III group nitride system compound 
semiconductor layer. Therefore, light emitted from III group 

10 nitride system compound semiconductor layer will be reflected 
on the wall of cavity. As a result, the light extraction 
efficiency lowers . 

In addition, sapphire, which is commonly used as 
transparent substrate material, is difficult to process since 

15 it is hard and fragile. In other words, it limits the degree 
of freedom in forming the uneven pattern on the surface. 



SUMMARY OF THE INVENTION 

It is an object of the invention to provide a light 
2 0 emitting element that has III group nitride system compound 
semiconductor layer with a good crystal equality grown on the 
entire surface of substrate without lowering the light 
extraction efficiency. 

It is a further object of the invention to provide a method 
2 5 of making a light emitting element that has III group nitride 
system compound semiconductor layer with a good crystal quality 
grown on the entire surface of substrate without lowering the 
light extraction efficiency. 

According to the invention, a III group nitride system 
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compound semiconductor light emitting elezn nc, comprises: 

a tranepar nt substrate that is of a material except for 
III group nitride system compound semiconductor; 

a convex light trapping member that is formed directly 
5 or through a buffer layer on the surface of the transparent 
substrate; and 

a III group nitride system compound semiconductor layer 
that is formed on the surface of the transparent substrate; 

wherein the light trapping member has a refractive index 
10 substantially equal to that of the transparent subatrate or 
closer to that of the transparent substrate than that of the 
III group nitride system compound semiconductor layer. 

Furthermore, according to the invention, a method of 
making a III group nitride system compound semiconductor light 
15 emitting element, comprises the steps of: 

forming a convex light trapping member directly or 
through a buffer layer on the surface of a transparent 
substrate; and 

forming a III group nitride system compound semiconductor 
20 layer on the surface of the transparent substrate. 

In the invention, the convex light trapping member is 
formed on the surface of the transparent substrate to give the 
uneven surface. The light trapping member has a refractive 
index substantially equal to or close to that of transparent 
25 substrate and, therefore, from the viewpoint of light 
reflection and transmission, the light trapping member can be 
regarded as integrated with the transparent substrate. Thus, 
the uneven surface of transparent substrate prevents light 
emitted from III group nitride system compound semiconductor 
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layer from being subjected to total reflection- Therefore , the 
light extraction efficiency can be enhanced by that much. 

Further, the growth base point of III group nitride system 
compound semiconductor is the surface of substrate, which means 
5 region where the light trapping member does not exist or region 
between light trapping members, since it is difficult to growth 
the crystal of III group nitride system compound semiconductor 
from the surface of light trapping member. Namely, the III 
group nitride system compound semiconductor is grown in the 

10 vertical direction from, as the growth base point, the surface 
of substrate (or buffer layer) between light trapping members. 
This can securely prevent the occurrence of cavity between light 
trapping members. 

In addition, the light trapping member has a high degree 

15 of freedom in designing since it is formed independently of the 
substrate . 

BRIEF DESCRIPTION OF THE DRAWINGS 

The preferred embodiments according to the invention will 
20 be explained below referring to the drawings, wherein: 

FIGS . 1A to IF are cross sectional views showing a method 
of making a base structure to compose a light emitting element 
in a preferred embodiment of the invention; 

FIG . 2 is a cross sectional view showing another base 
25 structure 11 in a preferred embodiment of the invention; 

FIG .3 is a cross sectional view showing a light trapping 
member 8 in a preferred embodiment of the invention; 

FIG. 4 is a schematic cross sectional view showing the 
structure of light emitting element 20 in a preferred embodiment 
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of the invention; 

FIG . 5A is an illustration showing light behavior at the 
interface of sapphire substrate 1 and III group nitride system 
compound semiconductor layer to be Induced by the light trapping 
5 member 2 in the embodiment of the invention; 

FIG.5B is an illustration showing light behavior at the 
interface of sapphire substrate 1 and III group nitride system 
compound semiconductor layer in the conventional light emitting 
element without light trapping member; 
10 FIG. 6 is a schematic cross sectional view showing a light 

emitting diode 100 with the light emitting element 20 in the 
embodiment; 

FIG .7 is a partially enlarged cross sectional view 
showing the periphery of a cup-shaped portion 33 in FIG, 6; and 
15 FIG, 8 is a schematic cross sectional view showing another 

light emitting diode 200 with the light emitting element 20 in 
a preferred embodiment of the invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

20 Components to be used for a light emitting element in the 

preferred embodiment according to the invention are explained 
below. 
[Substrate] 

A substrate used in the embodiment is not limited if it 
25 can transmit light emitted from III group nitride system 
compound semiconductor layer and allows III group nitride 
system compound semiconductor layer to be grown on the substrate. 
For example, it may be of sapphire, spinel, 2irconium boride, 
silicon carbide, zinc oxide, magnesium oxide, manganese oxide 
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etc. Especially, sapphire substrate is preferable and a- face 
of sapphire substrate is further preferable. 

Meanwhile, with respect to a substrate of III group 
nitride system compound semiconductor layer, the crystal 
5 Quality of semiconductor layer and the difference of refractive 
index do not matter since the substrate and semiconductor layer 
are of the same material . Therefore, the substrate of III group 
nitride system compound semiconductor layer is eliminated from 
the invention . 

10 The substrate has convex light trapping members on the 

surface. The pattern of light trapping members may be in 
arbitrary form such as stripe, lattice, spots etc. In case of 
light trapping member with stripe form, the width and pitch are 
made to be 0,1 to 10 U rn and 0.2 to 20 /zm, respectively, and 

15 the height of light trapping member- is made to be about 0.1 to 
5 l± m . The uneven pattern is formed on the entire surface of 
substrate. The uneven pattern may be formed by etching, 
lift-off etc. 

[Ill group nitride system compound semiconductor layer) 
20 III group nitride system compound semiconductor layer of 

light emitting element in the embodiment is represented by a 
general formula, Al*Ga y lni- x - y N (O^X^l, O^y^l, O^x+y^l) and 
includes a two-element system compound of A1N, GaN and InN and 
a three-element system compound of Al^Ga^^N. Al^ln^N and 
25 Ga y Ini- x N (0<x<l) . Part of III group element may be replaced 
by boron (B) , thallium (Tl) etc. and part of nitrogen (N) may 
be replaced by phosphorus (P) , arsenic (As) . antimony (Sb) , 
bismuth (Bi) etc. The light emitting element of the invention 
is fabricated laminating such III group nitride system compound 
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semiconductor layer. The structure of light emitting element 
may include quantum well (mul ti quantum well or single quantum 
well) of III group nitride system compound semiconductor layer 
and may be of s ingle -hetero type, double-hetero type or homo 
5 junction type. 

Ill group nitride system compound semiconductor layer may 
include arbitrary dopant. For example, n~ type impurity 
available is silicon (Si) , germanium (Ge) , selenium (Se) , 
tellurium (Te) , carbon (C) etc. p-type impurity available is 

10 magnesium (Mg) , zinc (Zn) , beryllium (Be) , calcium (Ca) , 
strontium (sr) , barium (Ba) etc. Ill group nitride system 
compound semiconductor layer of light emitting element in the 
embodiment is formed by using molecular beam epitaxy (MBE) , 
hydride vapor phase epitaxy (HVPE) , sputtering, ion plating etc . 

15 other than MOCVD . 

[Convex light trapping member] 

Light trapping member used in the embodiment has a 
refractive index substantially equal to that of transparent 
substrate or a refractive index closer to that of the 

2 0 transparent substrate than that of III group nitride system 
compound semiconductor layer. When sapphire is selected as the 
transparent substrate , it is preferred that the light trapping 
member is of at least one selected from the group of Al 2 03, EU2O3, 
lia 2 0 3 , Sm 2 0 3 , W0 3 and Y 2 Oa . 

2 5 The refractive index of light trapping member is 

substantially equal to or close to that of transparent substrate 
and, therefore, from the viewpoint of light reflection and 
transmission, the light trapping member can be regarded as 
integrated with the transparent substrate. Thus, light 
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entering into the light trapping member is directly transmitted 
through the transparent substrate and then discharged outside 
the chip . 

Meanwhile, there may exist a buffer layer between the 
5 transparent substrate and the light trapping member and, even 
in such a case, the buffer layer does not block the light 
transmission between the light trapping member and the 
transparent substrate. Because, the buffer layer is as thin 
as tens of nanometers and, therefore, it can be neglected 
10 optically. 

The light trapping member can be formed with a high degree 
of freedom in designing since it is formed independently of the 
transparent substrate . 

For example, even when the height of light trapping member 
IS increases, by providing the light trapping member with inclined 
plane. III group nitride system compound semiconductor layer 
with a good crystal quality can be formed on the substrate 
without generating a cavity in the concave portion between light 
trapping members . 
20 The method of forming the light trapping member is, though 

it may be suitably chosen depending on material, sputtering, 
deposition, spin coating, Cvd etc. 
[Embodiments of light emitting element] 

PIOS.1A to IP are cross sectional views showing a method 
25 of making a base structure to compose a light emitting element 
in the preferred embodiment according to the invention. 

At first, a sapphire substrate 1 shown in FIG>1A is 
provided and layer for light trapping member 2 is laminated 
thereon (PIG, IB). In this embodiment, the light trapping 
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member 2 is of A1 2 0 3 . 

Then, as shown in FIG.1C, a pattern of photomask 3 is 
formed on the light trapping member 2 layer. Then, as shown 
in FIG. ID, exposed part of light trapping member 2 is removed 
5 by etching. Then, as shown in FIG. IE, photomask 3 is removed. 

Thus, as shown in FIG. IE, the stripe light trapping member 
2 of Al 2 0 3 is formed on the surface of sapphire substrate 1. The 
width, pitch and height of light trapping member 2 are 3 u 
m, 7 jJLTn and 2.5 Aim, respectively. 
10 Then, as shown in FIG . IF. buffer layer 5 of A1N is formed 

by MOCVD to obtain a base structure 10. 

With respect to the buffer layer 5, portion 5a located 
on the sapphire substrate 1 can be a growth base point of III 
group nitride system compound semiconductor layer to be formed 
15 on the portion 5a. However, portion 5b located on the light 
trapping member 2 cannot be such a growth base point since it 
has different crystal form of buffer layer. Therefore, III 
group nitride system compound semiconductor to be grown on the 
portion 5a located on the sapphire substrate 1 is grown to cover 
20 the portion 5b located on the light trapping member 2 . This 
growth method of III group nitride system compound 
semiconductor is called ELO (See prior art 1) . Thus, 
penetrating crystal transition in the vertical direction can 
be prevented, and the crystal quality of III group nitride 
2 5 system compound semiconductor layer can be enhanced. 

FIG. 2 is a cross sectional view showing another base 
structure 11 in a preferred embodiment of the invention. 

In the base structure 11, buffer layer 6 of A1N is provided 
between a light trapping member 7 and the sapphire substrate 
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1 . The buffer layer 6 does not block the light transmission 
between the light trapping member 7 and the sapphire substrate 
1 since it is very thin. 

Also in the base structure 11 p III group nitride system 
5 compound semiconductor starts growing in the vertical direction 
from portion 6a of buffer layer 6 located between light trapping 
members , and then grows in the lateral direction. Thus, 
penetrating crystal transition in the vertical direction can 
be prevented. 

10 FIG. 3 is a cross sectional view showing a light trapping 

member 8 in a preferred embodiment of the invention. The light 
trapping member 8 is provided with inclined plane. Thereby, 
even when the height of light trapping member increases, XXI 
group nitride system compound semiconductor layer with a good 
15 crystal equality can be formed on the substrate without 
generating a cavity in the concave portion between light 
trapping members . 

FIG. 4 is a schematic cross sectional view showing the 
structure of light emitting element 20 in the preferred 
2 0 embodiment according to the invention. 

Using the base structure 10 shown in PIG - IF , the light 
emitting element 20 shown in FIG . 4 is fabricated. The details 
of layers of the light emitting element 20 are as follows: 
Layer Composition 
25 p-type layer 25 p - GaN : Mg 

layer 24 including 
light emitting layer: InGaN layer included 

n-type layer 23 : n-GaNiSi 
buffer layer 5 : A1N 
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subs crate 1 : sapphire 

The light emitting element 20 thus composed is fabricated 
as follows. 

At first, with the base structure 10 shown in FIG . 10 being 
5 continuously placed in the MOCVD apparatus used to form the 
buffer layer 7, n-type layer 23, layer 24 including light 
emitting layer and p- type layer 25 are sequentially grown by 
MOCVD, In this growth step, ammonia gas and alkyl compound gas 
of III group element, such as t rime thyl gallium (TMG) , 
10 trimethylaluminum (tma) and trimethylindium (TMI) , are 
supplied onto the substrate (base structure 10) being heated 
at a given temperature to conduct thermal decomposition 
reaction. Thereby, desired crystal layers are formed on the 
substrate . 

15 Next, using a mask of Ti/Ni , part of p- type layer 2 5 , layer 

24 and n-type layer 2 3 is removed by reactive ion etching to 
expose part of n-type layer 23 where to form the n- electrode 
pad 2 6 . 

Further, photoresist is coated on the entire surface of 
20 semiconductor layer, and photoresist on electrode- forming area 
in p- type layer 2S is then removed to expose the corresponding 
surface of p- type layer 25- 

Then, p-electrode 28 of Rh is formed on the exposed p-type 
layer 25 by deposition. N- electrode 2 6 of Al and V layers is 
25 formed on the exposed n-type layer 23. Thereafter, they are 
alloyed by known method. 

In case of face-up type light emitting element that 
opposing surface to the substrate is used as light-discharging 
surface, p-electrode and n-electrode are formed as next . First, 
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photoresist is coated on the entire surface of semiconductor 
layer, and photoresist on electrode- forming area in p-type 
layer 25 is then removed to expose the corresponding surface 
of p-type layer 25. Then, Au-Co transparent electrode layer 
5 is formed on the exposed p-type layer 25 by deposition. 

Then, p-electrode pad (not shown) of Au alloy and 
n-electrode pad of Al alloy are deposited- 

FIG.5A is an illustration showing light behavior at the 
interface of sapphire substrate 1 and TIT group nitride system 

10 compound semiconductor layer to be induced by the light trapping 
member 2 in the embodiment of the invention. FXG.5B is an 
illustration showing light behavior at the interface of 
sapphire substrate 1 and XXX group nitride system compound 
semiconductor layer in the conventional light emitting element 

15 without light trapping member - In PIGS . 5A and 5B, n represents 
a refractive index. 

in the light emitting element 20 formed as above, of light 
emitted from the layer 24 including light emitting layer, as 
shown in FIG^SA, light component projecting onto the upper 

20 surface of light trapping member 2 at an incident angle of more 
than 47 degrees is subjected to total reflection. However, as 
shown in FIG . 5 A , the other light component is trapped into the 
light trapping member 2 and sapphire substrate 1 and then 
discharged outside the chip. 

25 Namely, of light emitted from the layer 24 including light 

emitting layer, even light component with such an incident angle 
that could be reflected if the interface of sapphire substrate 
1 and 111 group nitride system compound semiconductor layer were 
flat without light trapping member 2 (FIG.5B) can transmit 
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through the sapphire substrate 1 while being' trapped into the 
light trapping member 2 (FIG.5A), except for the light component 
projecting onto the upper surface of light trapping member 2. 
Accordingly, the light extraction efficiency in the direction 
5 of substrate can be improved. 

Especially in case of flip-chip type light emitting 
element, the improvement of light extraction efficiency in the 
direction of substrate is obviously advantageous. Also, in 
case of face-up type light emitting element, it is advantageous 

10 since the amount of light to be entered into the substrate 
increases, where the light is reflected on a silver paste, which 
is used to adhere the substrate to an external supporting member 
such as a lead frame, and then is discharged outside the chip. 
In addit ion, both flip -chip type and face- up type can have 

15 improved emission efficiency due to enhancement in crystal 
quality of III group nitride system compound semiconductor 
layer . 

If necessary, the sapphire substrate 1 and buffer layer 
S may be removed after fabricating the light emitting element. 
20 The buffer layer 5 may be of GaN, InN, AlGaN, InGaN, 

AlInGaN etc. other then A1N . 

The n-type layer 2 3 may be of AlGaN , InGaN or AlInGaN other 
than GaN . 

The n- type layer 2 3 may include an n- type impurity of Ge, 
25 Se, Te, C etc. other than Si. 

The n-type layer 2 3 may have a double layer structure 
composed of low electron-density n" layer located on the side 
of layer 24 and high electron- density n* layer on the side of 
buffer layer 5. 
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The layer 24 may include a quantum well type light: emitting 
layer. The structure of light emitting element may be 
single-hetero type, double-hetero type or homo junction type. 

The layer 24 may include a wide bandgap III group nitride 
5 system compound semiconductor layer with an acceptor such as 
Mg doped on the side of p-type layer 25. This layer prevents 
electrons injected into the layer 24 from diffusing in the 
p-type layer 25. 

The p-type layer 25 of GaN with a p-type impurity, Mg doped 
10 is formed on the layer 24 including light emitting layer. The 
P-type layer 25 may be of AlGaN, InGaN or AlInGaN . The p-type 
impurity doped may be Zn, Be, Ca, Sr or Ba. 

The p-type layer 2 5 may have a double layer structure 
composed of low hole-density p" layer located on the side of 
15 layer 24 and high hole-density p* layer on the side of 
p-electrode 28. 

The III group nitride system compound semiconductor layer 
of light emitting element in the embodiment may be formed by 
using molecular beam epitaxy (MBE) , hydride vapor phase epitaxy 
20 (HVPE) , sputtering, ion plating etc. other than MOCVD. 

FIG. 6 is a schematic cross sectional view showing a light 
emitting diode 1Q0 with the light emitting element 2 0 in the 
embodiment. The light emitting diode 100 is of flip-chip type 
and is composed of the light emitting element 20, lead frames 
25 30, 31, a submount substrate 50 and sealing resin 35. 

FIG. 7 is a partially enlarged cross sectional view 
showing the periphery of a cup-shaped portion 33 in FIG . 6 . As 
shown in FIG. 7, the light emitting element 2 0 is mounted on the 
cup-shaped portion 33 of the lead frame 30 through the submount 
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substrate 50. The eubmount substrate 50 has p-type region 51 
and n-type region 52 , and insulating film 60 of Si02 is formed 
on its surface except for part where Au humps 40 are mounted , 
As shown, by mounting the light emitting element 20 on the 
5 eubmount substrate 50 while turning the electrode side downward, 
the n- electrode 2 6 is connected through the Au bump 4 0 to the 
p-type region 51 of submount substrate 50 and the p-electrode 
26 is connected through the Au bump 40 to the n-type region 52 
of submount substrate 50. Thus/ the p-electrode 28 and 

10 n-electrode 26 of light emitting element 20 are electrically 
connected to the p-type region 51 and n-type region 52 , 
respectively, of submount substrate 50. The submount 
substrate 50 is fixedly adhered onto the cup- shaped portion 33 
of lead frame 30 through silver paste 61 on the opposite side 

15 to the surface where the light emitting element 20 is mounted. 

PIG « 8 is a schematic cross sectional view showing another 
light emitting diode 200 with the light emitting element 20 in 
the preferred embodiment according to the invention. The light 
emitting diode 200 is of surface mount device ( SMD) type. In 

2 0 FIG. 8, like components of LED 100 are indicated by the same 
numerals - 

LED 200 is composed of the light emitting element 20. a 
substrate 70 and reflection member 80. Like LED 100, the light 
emitting element 2 0 is mounted on the substrate 70 while turning 
2 5 the electrode side downward. A wiring pattern 71 is formed on 
the surface of substrate 70, and the p-electrode 28 and 
n-electrode 26 of light emitting element 20 are adhered through 
the Au bumps 40 to the wiring pattern 71 and, thereby, the 
electrodes of light emitting element 20 are electrically 
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connected with the wiring patt rn 71. The reflection member 
80 is positioned surrounding the light emitting element 20 . the 
reflection member 80 is of white resin and, on its surface, 
reflects light emitted from the light emitting element 20 at 
5 a high efficiency. 

Although the invention has been described with respect 
to the specific embodiments for complete and clear disclosure, 
the appended claims are not to be thus limited but are to be 
10 construed as embodying all modifications and alternative 
constructions that may occur to one skilled in the art which 
fairly fall within the basic teaching herein set forth. 



